Murine gammaherpes virus as a cofactor in the development of pulmonary fibrosis in bleomycin resistant mice. S.S. Lok, Y. Haider, D. Howell, J.P. Stewart, P.S. Hasleton, J.J. Egan. #ERS Journals Ltd 2002. ABSTRACT: Studies of human tissue have suggested an association between productive Epstein Barr virus and idiopathic pulmonary fibrosis (IPF). However, a pathogenic role for the virus has not been established. This study was undertaken to develop an animal model, which would explore the association between viral infection and pulmonary fibrosis.
Idiopathic pulmonary fibrosis (IPF) is a disease of unknown aetiology with a poor prognosis. Viruses have the potential to modify cellular function resulting in disease. For example, Epstein Barr virus (EBV), a herpes virus, is an aetiological factor in Burkitts lymphoma and nasopharyngeal carcinoma [1] . An association of IPF with EBV has been reported [2] [3] [4] [5] though a causal relationship has not been established.
Serological studies have shown a relationship of active EBV with IPF [3, 6] . Tissue based analyses have identified EBV productive cycle antigens in type II epithelial cells of IPF patients [7, 8] as well as EBV deoxyribonucleic acid [9, 10] but whether the virus is a passenger or has a pathogenic role is unclear.
An understanding of the role of EBV in pulmonary fibrosis would be facilitated by the development of an animal model. Unfortunately, EBV has a limited host range restricting its use in animals. However, murine gammaherpes virus 68 (MHV) is a closely related mouse virus and is effectively the murine equivalent of EBV [11] [12] [13] . There are similarities in the genome with the synthesis of productive cycle antigens with strong homology during replication. Following acute infection the clinical disease is similar in their respective hosts.
Bleomycin-induced fibrosis in an animal model is the common method for studying fibrosis but this has several limitations. Mice resistant to bleomycin were chosen to investigate whether viral infection would result in bleomycin-induced fibrosis. This study was undertaken to explore the role of a herpes virus as a cofactor in the development of pulmonary fibrosis in a host exposed to an exogenous injury to which it is normally resistant.
Methods

Animals
All experiments were performed using bleomycin resistant BALB/c mice aged 5-6 weeks and weighing between 21-29 g. Mice were housed in plastic cages on hardwood shaving, with free access to laboratory chow and water, and room conditions appropriate to Home Office guidelines.
Experimental protocol
Two sets of experiments were performed, one for histological evaluation (n=30) and the second for estimation of collagen content (n=28). Mice in each experiment were divided into four groups as follows. . PBS was given as a control substance. The mice were reviewed on a daily basis and those that died prematurely or were showing evidence of distress were sacrificed early and examined. On day 36, all surviving mice were sacrificed by a lethal dose of intraperitoneal pentobarbitone, and their lungs were dissected and removed.
Histological examination
After dissection the lungs were inflated with formalin by direct injection. The lungs were further fixed and stored in formalin until ready for routine dehydration and embedding in paraffin wax.
Sections of 3-5 mm were obtained from the paraffin wax-preserved lung tissue and stained with haemotoxylin and eosin. A histopathologist (P.S. Hasleton), blinded to the groups, scored the degree of fibrosis and inflammation according to a simplified modification of a published scoring system [14] . The sections were systematically scanned at low power. Fibrosis and inflammation were scored individually from 0-3 according to the percentage of the scanned field affected. No fibrosis or inflammation scored 0, up to one-third of the section affected scored 1, up to two-thirds 2 and more than two-thirds 3. Fibrosis was considered when there was thickening of the alveolar wall.
Hydroxyproline estimation
The heart and lungs were removed as a block and the heart detached. The lungs were dried thoroughly by pressing between tissue paper. Once all moisture was removed the lungs were placed in an eppendorf and immediately weighed. The weight of the lung was recorded, the sample labelled and put into liquid nitrogen. The samples were stored at -80uC until ready for analysis. Hydroxyproline levels were measured, by using a high-pressure liquid chromatography (HPLC) method, as a means of assessing the amount of collagen in the lung tissue. Each sample was placed in a mortar and crushed into a powder using a pestle. The mortar was kept cool by being placed on dry ice and the lung was kept frozen using liquid nitrogen added onto the lung as needed. The powder obtained was stored in an eppendorf at -80uC until ready for the next stage.
A known aliquot of the powder was weighed and placed in a Pyrex1 tube. Three millilitres of 6 M HCl were added to the tube and hydrolysed at 110uC for 16 h. The hydrolysate was mixed with activated charcoal for 45 min before being centrifuged at 5,000 revolutions per minute for 15 min. One millilitre of the hydrolysate was taken off and filtered (type DA, pore size 0.65 mm; Millipore, Bedford, MA, USA) into a 1.5 mL microfuge tube, 10 mL of this filtered solution was further diluted with 90 mL water before 10 mL of this was taken and used. This filtrate was dried using a centrifugal vacuum concentrator. The dried filtrate was reconstituted in 100 mL of water buffered with 100 mL of 0.4 M potassium tetraborate and reacted with 100 mL of 12 mM 7-chloro-4-nitrobenz-2-oxa-1,3-diazole in methanol. Samples were incubated in the dark for 20 min at 37uC. The reaction was stopped by addition of 50 mL of 1.5 M hydrochloric acid and 150 mL of 167 mM sodium acetate in acetonitrile (26% vol/vol). Samples were filtered (pore size 0.22 mm) and 100 mL of the filtrate was loaded in the column and eluted with an acetonitrile gradient to undergo reverse phase HPLC.
The peak areas in the chromatogram obtained were compared to standards and the hydroxyproline content calculated. Assuming lung collagen to contain 12.2% w/w hydroxyproline, the collagen in each lung was determined. Four aberrant results were excluded from the analysis, one from group C, two from group V (one mislaid), one from group BV.
Statistical analysis
Histological analysis and hydroxyproline estimation between the groups was compared using one-way analysis of variance. A post hoc multiple comparison with Bonferonni correction was performed to compare individual groups. An unpaired t-test for hydroxyproline estimation was performed between the individual groups. A pv0.05 was considered to be significant.
Results
Of the 30 mice in the experiment there were no premature deaths. The fibrosis and inflammation scores are shown in table 1. The fibrosis scores for the BV group were significantly higher (median 2.2) compared to the B (median 0), V (median 0.2), or C (median 0) groups. Similarly, the inflammation scores in the BV group were significantly higher (median 1.9) compared to the B (median 0.5), V (median 0.8) and C (median 0.2) groups (table 2) . Post hoc multiple analysis showed that mice receiving both bleomycin and virus developed significantly (pv0.001) more fibrosis and inflammation. A representative selection of histological sections are illustrated in figures 1-5.
Hydroxyproline estimation
The lung weights, hydroxyproline and collagen content following removal and drying are shown in table 3. The bleomycin/virus lungs were the heaviest with a median weight of 291.4 mg, a crude estimation of collagen content. There was no difference in collagen content between group C (mean 1.57 mg) and group B (mean 1.52 mg), p=0.78. There was no difference between group C (mean 1.57 mg) and group V (mean 1.52 mg), p=0.8 and there was no difference between group C (mean 1.57 mg) and group BV (mean 1.86 mg) p=0.16. There was a significant difference in collagen content between group B and group BV, p=0.04. There was a trend towards significant difference between group V and group BV, p=0.09. There was no overall difference in the collagen content, p=0.79, between the four groups (table 4).
Discussion
Previous studies in humans have shown an association of EBV with IPF. However, the practical difficulties in obtaining human lung tissue potentially limits further studies of the relationship between viral injury and lung fibrosis. These experiments suggest that mice exposed to an exogenous lung injury, in the presence of an active viral infection, develop pulmonary 
Scores were marked 0-3. C: control; V: virus only; B: bleomycin only; BV: bleomycin and virus. fibrosis while mice receiving virus alone did not. The histological assessment shows that the bleomycinresistant BALB/c mice who received both bleomycin and virus exhibited significantly greater pulmonary fibrosis and inflammation.
This mouse model was evaluated to specifically investigate the role of EBV in pulmonary fibrosis. MHV was chosen as an infecting agent since it behaves similarly in mice as EBV does in humans. The MHV genome consists of a 118 kb genome flanked by terminal repeat sequences. Genomic sequences have illustrated a number of genes with strong homology and a comparable location in both the genome of EBV and MHV [12] . For example, MHV produces proteins expressed during viral latency from the left hand of its genome which are similar to EBV-related small messenger ribonucleic acid proteins from EBV, derived from the same region of its genome and expressed during latency. STEWART et al. [13] emphasised the close relationship between MHV and EBV. They studied the MHV gycloprotein B (gB) and compared this to the EBV gB (gp110). This gB is unusual among the herpes group of viruses, and the strong similarities illustrate the close relationship between EBV and MHV. In vivo MHV in the mouse results in splenomegaly [15, 16] and causes lymphomas. The virus persists in the lungs and epithelial cells and enters latency in B-lymphocytes very similarly to the activity of EBV in humans.
The blinded histology assessment applied a scoring system based on the percentage of a scanned section affected by fibrosis or inflammation. The minimum pathological change for a fibrosis score to be established was a moderate amount of thickening of the alveolar or bronchiolar wall. The scoring was therefore a robust technique as it eliminated the milder changes, which may be subject to arbitrary interpretation. As the pathologist was blinded to the groups over-scoring is unlikely. In the majority of the BV group there were clear changes of alveolar fibrosis with distortion of lung architecture. The results of this study may have been facilitated if alternative staining methods had been utilised to quantify the histological fibrosis. In particular, azan staining may have allowed a more accurate quantification of fibrosis. The biochemical analysis of hydroxyproline content was largely supportive of the histological findings but there was no overall difference in collagen content between the groups. A larger number of samples may have corrected for this as the lung weights were significantly larger in the BV group and there was significant difference in collagen content between the BV group (mean 1.86 mg) and the B group (mean 1.52 mg).
In humans, the mechanism by which EBV could contribute to the development or progression of IPF may be related to its effect on cell cycle proteins. Antigens produced during EBV replication in epithelial cells (e.g. EBNA5 and BZLF1) affect the function of cell cycle proteins such as p53 [17, 18] . This in turn may disturb normal cell growth and division including that of epithelial cells. An intact lung epithelium is important in controlling normal cytokine function. A viral factor resulting in damage to the epithelium may lead to modification of the cytokine balance resulting in dysregulation of the repair process and hence the promotion of fibrosis.
This study demonstrates that viral infection with MHV alone does not result in pulmonary fibrosis. BALB/c mice were chosen because they are inherently resistant to bleomycin suggesting that viral infection primes the normally resistant lung to bleomycin lung injury, therefore acting as a cofactor in disease development or disease progression. This is an important concept as immunosuppressive therapy is frequently administered to IPF patients potentially promoting viral replication within human lung tissue. Such viral replication may then provide a source of repetitive injury which is increasingly acknowledged as being a key factor in the pathogenesis of IPF. Furthermore, this concept may clarify why immunosuppression has largely failed to impact on disease progression in IPF while nonimmunosuppressive therapy such as antioxidants, colchicine and possibly interferon gamma have at least offered some encouraging results.
In summary, this study suggests that the presence of replicating virus may contribute to the development of fibrosis after an exogenous lung injury, and the model described may be useful in further investigating the pathogenesis of viral-mediated pulmonary fibrosis in humans.
